INTRODUCTION
spontaneous intermembrane translocation was found to be substantially greater than that of Ch itself (17) .
Subsequent work showed that ChOOH transfer could be further accelerated by human recombinant SCP-2, and when isolated mitochondria were used as acceptors, this exacerbated peroxide-induced damage/dysfunction as reflected by loss of membrane potential (18) . This was the first reported example of enhanced oxidative toxicity due to LOOH shuttling by a lipid trafficking protein. In a more recent follow-up to these non-cellular studies, we showed that an SCP-2-oxerexpressing transfectant clone of rat hepatoma cells was much more sensitive to apoptotic killing by liposomal 7α-OOH than a vector control, the evidence linking this to faster peroxide internalization and delivery to mitochondria by the overexpressing cells (19) . Although these and related findings were consistent with direct SCP-2 involvement in these effects, substantive supporting evidence was lacking (19) . Using two recently discovered hydrophobic inhibitors of mosquito SCP-2 that are close to Ch in molecular mass and bind competitively with it to the protein (20, 21) , we now provide such evidence for three different SCP-2-expressing mammalian cell lines exposed to a 7α-OOH challenge.
MATERIALS AND METHODS

General materials
Cholesterol (Ch), Chelex-100, desferrioxamine (DFO), H 2 O 2 , Hoechst 33258 (Ho), propidium iodide (PI), 5,5',6,6'-tetrachloro-1,1',3,3'-tetraethyl-benzimidazolylcarbocyanine iodide (JC-1), 3-(4,5-dimethylthiazolyl-2-yl)-2,5-diphenyltetrazolium bromide (MTT), Dulbecco's Modified Eagle's (DME) medium, phenol red-free DME medium, fetal bovine serum, and other cell culture materials were from Sigma (St. Louis, MO). [4- 14 C]Ch (~55 mCi/mmol) was obtained from Amersham Biosciences (Arlington Heights, IL). Avanti Polar Lipids (Alabaster, AL) supplied the 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC) and 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC). Molecular
Probes (Eugene, OR) supplied the 22-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino]-23,24-bisnor-5-cholen-3β-ol (NBD-Ch; Fig. 1 ) and 2',7'-dichlorofluorescin diacetate (DCFH-DA). Human recombinant SCP-2 was expressed and isolated as described previously (18) . Peroxidase-conjugated anti-rabbit IgG by guest, on June 17, 2017 www.jlr.org
Downloaded from was from MP Biochemicals (Aurora, OH). The SCP-2 inhibitors, N-(4-{[4-(3,4-dichlorophenyl)-1,3-
thiazol-2-yl]amino} phenyl)acetamidehydrobromide (SCPI-1) and 3-(4-bromophenyl)-5-methoxy-7-nitro-4H-1,2,4-benzoxadiazine (SCPI-3) (structures shown in Fig. 1 ), were obtained from the Hit2Lead
Chemical Store (ChemBridge Corp., San Diego, CA).
Preparation of 7α-OOH and [ 14 C]7α-OOH
3β-Hydroxycholest-5-ene-7α/β-hydroperoxide (7α-OOH; Fig. 1 ) was prepared by aluminum phthalocyaninedisulfonate-sensitized photoperoxidation of Ch, as described previously (22) . 7α-OOH was separated in two chromatographic steps: (i) reversed-phase HPLC using a C 18 column (250 x 4.6 mm; 5 μm particles) with methanol/isopropanol/acetonitrile/water (70:12:11:7 by vol) as the mobile phase; (ii) normal-phase HPLC using a silica column (250 x 10 mm; 5 μm particles) with hexane/isopropanol (95:5
by vol) as the mobile phase. For both steps, UV absorbance at 212 nm was used for detection. The final isolate was confirmed as 7α-OOH by proton-NMR analysis (22) and quantified by iodometric analysis membranes and an apparatus from Lipex Biomembranes (Vancouver, BC). The SUVs were stored under argon at 4 o C and used experimentally within 48 h. Other details were as described previously (15.17) .
Cell culture
An SCP-2-overexpressing transfectant clone (SC2F) of mouse L-cell fibroblasts (L arpt -tk -), along with a vector control clone (VC), were kindly provided by Dr. Friedhelm Schroeder (Texas A&M University) as a gift. The cells were grown in DME medium containing 10% serum, penicillin (100 units/ml), streptomycin (0.1 mg/ml), and geneticin (G418, 0.35 mg/ml), using standard culture conditions.
An SCP-2-overexpressing transfectant clone (SC2H) of rat McA-RH777 hepatoma cells, also obtained from Dr. Schroeder, was cultured under the same conditions (19) . These cells had been transfected with a construct encoded for 15-kDa pro-SCP-2, which is post-translationally converted to mature 13.2 kDa SCP-2 (7, 8) . Human COH-BR1 cells, a breast cancer epithelial subline (24) , were grown in DME-F12 medium supplemented as described above for DME. Transfectant cells were taken off selection agent (geneticin) at the second passage prior to an experiment.
Immunoblot analysis
The level of SCP-2 protein expressed in different cell lines was determined by Western blot analysis. Cells were recovered by trypsinization, washed with hypotonic buffer, and lysed by sonication.
Lysates were centrifuged at 100,000 g for 1 h at 4 °C. Proteins in supernatant fractions were separated by electrophoresis, using a 4-15% polyacrylamide gradient gel and transblotted to a 0.45 μm polyvinylidene difluoride membrane. Blots were blocked, treated with rabbit anti-mouse SCP-2 (25), followed by peroxidase-conjugated anti-rabbit IgG, and then analyzed using enhanced chemiluminescence. Other details were as described previously (19) . SUVs in DME medium, giving a range of initial hydroperoxide concentrations up to 200 μM in bulk suspension. At 200 µM 7α-OOH, there was no significant cell detachment over at least a 6 h period. After a designated incubation time at 37 °C (typically 4 h), the cells were washed free of SUVs, overlaid with 1% serum-containing DME, and after 20 h of additional incubation, checked for viability by thiazolyl blue (MTT) assay. Cells were treated with MTT (0.5 mg/ml in DME medium) for 4 h, then dissolved in isopropanol and the formazan level determined by measuring absorbance at 570 nm (26) . SCPI-treated cells and their respective controls were also challenged with hydrogen peroxide, e.g. 1 mM H 2 O 2 for 24 h, after which viability was checked by MTT assay.
To examine death mechanism, we incubated cells with a fixed concentration of liposomal 7α-OOH (typically 175 μM) for increasing time periods up to 6 h. After each period, the cells were treated with 5 μM Ho and 50 μM PI for 20 min at 37 °C, then checked for extent of apoptosis vs. necrosis by fluorescence microscopy, using a DAPI filter for Ho visualization and red filter for PI. Ho detected sustained apoptosis and PI confirmed any necrosis (27) . For each sample, the number of stained nuclei in 4-5 viewing fields of ~100 cells each were determined.
Determination of 7α-OOH uptake by cells in the absence vs. presence of SCP-2 inhibitors 7α-OOH uptake by SC2F cells and how this is affected by SCPI treatment was examined using a procedure similar to that described for studying hydroperoxide cytoxicity, except for the use of analyzed by HPTLC-PI in order to establish specific analyte signal strength for the purpose of expressing uptake by cells on a molar basis.
Measurement of mitochondrial membrane potential (∆Ψ m )
Cells in a 6-well plate were incubated with liposomal 7α-OOH for 4.5 h in the absence or presence of a SCP-2 inhibitor, after which they were washed with PBS, overlaid with DME medium containing 2 µM JC-1, a ∆Ψ m probe (29) and incubated for 30 min at 25 o C. After washing again with PBS, the cells were recovered by gentle scraping, pelleted, resuspended in 2 ml of DME medium, and checked for fluorescence emission peaks in the red (550-610 nm) and green (490-550 nm) wavelength ranges, using 488 nm excitation and a Model QM-7SE spectrofluorimeter from Photon Technology International (London, Ontario, Canada). Peaks with maxima at 590 nm (red) and 530 nm (green) were integrated and their ratios calculated. A high red/green ratio reflects a strong ∆Ψ, whereas a relatively low ratio reflects a weak ∆Ψ m (29) .
Measurement of cellular reactive oxidant level
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The ROS-detecting probe, DCFH-DA, is taken up by cells and hydrolyzed to DCFH, which is trapped due to its greater polarity (30) . DCFH in turn can be oxidized to DCF (the monitored fluorophore)
by internally generated oxidants. At various time points during exposure to liposomal 7α-OOH, cells
were washed with PBS, incubated with DME medium containing 10 μM DCFH-DA for 20 min at 37° C, washed again, overlaid with DMEM alone, and examined by fluorescence microscopy using 488-nm excitation and 610-nm emission. The fluorescence intensity of representative image fields was determined using MetaMorph TM software.
SCPI and 7α-OOH binding to SCP-2 assessed by competition with NBD-Ch
The ability of the SCPIs or 7α-OOH to interact with isolated SCP-2 was examined by competitive Possible interfering factors such as interaction of NBD-Ch and SCP-2 with liposomes were considered in carrying out these determinations. Binding of 7α-OOH to SCP-2 in competition with NBD-Ch was evaluated by subtracting integrated peak areas for the SCP-2/NBD-Ch/7α-OOH SUV system from those for the SCP-2/NBD-Ch/non-7α-OOH SUV system and plotting these differences as a function of 7α-OOH concentration.
Statistics
The two-tailed Student's t test was used for determining the significance of apparent differences between experimental values, with p>0.05 considered statistically insignificant.
RESULTS
SCP-2 protein expression in the selected cell types
Three cell types producing relatively high levels of SCP-2 were used in this study, mouse fibroblast SC2F, rat hepatoma SC2H, and human COH-BR1, the first two representing SCP-2 transfectant clones and the third, wild type cells. Western blot analysis revealed that the SC2F clone was substantially enriched in SCP-2 ( 
Toxic effects of 7α-OOH on SC2F cells
SCP-2-overexpressing SC2F cells were found to be much more sensitive to liposomal 7α-OOHinduced killing than VC as assessed by MTT assay (Fig. 2B ), the LD 50 values being ~0.16 mM and ~0.3 mM (estimated), respectively. Similar trends were observed previously for the hepatoma cells, i.e. 7α-OOH was more toxic to transfectant clone SC2H than to its VC, but the LC 50 levels in this case were lower, viz. ~19 µM and 75 µM, respectively (19) . In contrast to 7α-OOH, H 2 O 2 or t-butyl hydroperoxide was equally toxic to SC2F cells and their VC (results not shown), as was observed previously for SC2H cells and their VC (19) . This suggests that specific binding/trafficking by SCP-2 occurred in the case of 7α-OOH, but not H 2 O 2 or t-butyl hydroperoxide, which lacks the structural characteristics of known SCP-2 ligands (7). We also found that there was no significant difference between SC2F and VC clones in the levels of antioxidant enzymes such as catalase and glutathione peroxidase types 1 and 4, as well as total glutathione (results not shown). This rules out possible contributions of any of these factors to the observed differences in 7α-OOH cytotoxicity (Fig. 2B) .
Effects of SCP-2 inhibitors on 7α-OOH and H 2 O 2 toxicity toward SC2F cells
As shown in Fig. 3A , the SCP-2 inhibitor SCPI-1 in concentrations up to ~6 µM had no effect of the viability of clone SC2F, but exhibited a dose-dependent increase in cytotoxicty above this level.
However, when added to cells prior to 7α-OOH, SCPI-1 reduced peroxide-induced cell killing in a dosedependent manner over the 0-6 µM range, 50% inhibition occurring at ~1.4 µM. Inhibitor SCPI-3 was less toxic to SC2F cells, reducing viability only at concentrations above ~21 µM (Fig. 3B) . When given to cells before 7α-OOH, SCPI-3 protected against oxidative killing dose-dependently over the 0-21 µM range, 50% inhibition being seen at ~4.9 µM. Therefore, both SCPIs acted cytoprotectively in their nontoxic ranges, and SCPI-1 was ~3.5-times more potent in this than SCPI-3. A reasonable explanation is that the SCPIs interfered with cellular uptake/distribution of 7α-OOH by competing with it for binding to SCP-2. SCPI-1 was not only more cytoprotective than SCPI-3 at lower concentrations, but more cytotoxic on its own at higher concentrations, the LD 50 values above the toxic thresholds being ~13 µM and ~60 µM, respectively (Fig. 3A,B) . In contrast to their strong anti-7α-OOH effects, neither SCPI-1 nor SCPI-3
at its most effective concentration with 7α-OOH provided any significant protection against cell killing by the non-lipid hydroperoxide, H 2 O 2 ( Fig 2C) . This further supports our deduction from the observation that SC2F cells were no more sensitive to H 2 O 2 than VC (see above), viz. that the 7α-OOH effects were dependent on interaction with SCP-2.
SCPI protective effects on other SCP-2-expressing mammalian cells
We tested the anti-7α-OOH effects of SCPI-1 and SCPI-3 on two other SCP-2-expressing cell types, hepatoma transfectant clone SC2H, shown previously to be hypersensitive to 7α-OOH toxicity (19) , and COH-BR1 cells with high constitutive SCP-2 protein (Fig. 2) . As shown in Fig. 4A , viability of SC2H cells was unaffected by 6 µM SCPI-1 or 20 µM SCPI-3. However, a liposomal 7α-OOH challenge under the conditions described reduced viability to ~12% of the control level after 20 h, and SCPI-1 and SCPI-3 at the indicated concentrations inhibited this nearly completely and by ~80%, respectively (Fig.   4A ). In the case of COH-BR1 cells, SCPI-1 and SCPI-3 at the same concentrations used with SC2H cells were slightly toxic (10-20%) on their own, but once again, imposed a strong protection against 7α-OOH lethality (Fig. 4B) . Thus, the observed SCPI protective effects appeared to be generally applicable to cells expressing significant levels of SCP-2. As in the case of SC2F cells (Fig. 2 
SCPI inhibition of 7α-OOH uptake
A previous study (19) shown by the HPTLC-PI profile in Fig. 5A , 7α-OOH and its diol (7α-OH) could be detected in cells after a 1 h incubation with SUVs, the hydroperoxide band being less intense. Diol formation is attributed mainly to 7α-OOH reduction in the cell compartment. The band intensity of both analytes was clearly reduced in samples from SCPI-treated cells (Fig. 5A) . A plot of integrated band intensities (Fig. 5B) shows that cellular 7α-OOH increased progressively with incubation time, reaching ~2 nmol/mg cell protein after 1 h, and that SCPI-1 and SCPI-3 each lowered this by ~45 %. Time-dependent accumulation of 7α-OOH-derived 7α-OH in cells was likewise inhibited by the SCPIs (Fig. 5B) . Thus, a reduced rate of 7α-OOH uptake (along with intracellular distribution) is implicated in the SCPI cytoprotective effects seen in Figs 3 and 4 .
ROS accumulation in 7α-OOH-treated cells: attenuation by SCPIs
ROS buildup in 7α-OOH-treated SC2F cells was examined by fluorescence microscopy, using DCFH-DA as a probe (30) . Internalized DCFH-DA is trapped by being hydrolyzed to DCFH, which is converted to the fluorescent indicator DCF by strong oxidants, e.g. species generated by the action of endogenous peroxidases on H 2 O 2 (30) . As shown in striking contrast to the results with 7α-OOH alone, cells treated with 20 µM SCPI-3 before the hydroperoxide showed relatively little DCF fluorescence throughout, the intensity at 6 h being only ~3-times greater than that at the outset (Fig. 6) . A dramatic reduction in DCF signal intensity was also observed when cells were preincubated with SCPI-1 (not shown). Thus, there was a strong correlation between the SCPI effects on ROS accumulation and cell killing (Figs. 3 and 4) . Based on previous evidence (19) , it is likely that most of these oxidants were secondary species arising from one-electron turnover of incoming 7α-OOH, most of the latter having already reacted before DCFH-DA was introduced.
SCPI inhibition of ∆Ψ m loss and apoptotic cell death provoked by 7α-OOH
Exposure of SC2F cells to 7α-OOH resulted in a loss of mitochondrial membrane potential, as measured by JC-1 red/green emission ratio, the value after 4 h of continuous incubation being ~15% of the control without 7α-OOH (Fig. 7) . The mitochondrial uncoupling agent valinomycin produced a similar large loss of ∆Ψ m . In cells treated with the SCPIs prior to 7α-OOH, ∆Ψ m loss was much less, 6 µM SCPI-1 attenuating it by ~42% and 20 µM SCPI-3 by ~35% (Fig. 7) . The ability of these SCPIs to at least partially preserve ∆Ψ m under 7α-OOH pressure is consistent with their observed cytoprotective effects (Figs. 3 and 4) .
The mechanism of SC2F cell death induced by 7α-OOH was examined by fluorescence imaging using the nuclear dyes Ho and PI. As shown in Fig. 10A . Figure 10B shows a plot of peak area as a function of 7α-OOH concentration for the NBD-Ch/SCP-2/7α-OOH SUV system and as a function of corresponding total lipid concentration for the NBD-Ch/SCP-2/all-POPC SUV system. Note that the concentration-dependent increase in peak area was much lower for the 7α-OOH-containing system. Figure 10C shows a plot of percent reduction of fluorescence signal by 7α-OOH relative to the signal with total lipid over the given concentration range.
This represents the corrected titration curve for competitive 7α-OOH binding to SCP-2. Data analysis by the same approach described for Fig. 9B revealed that the IC 50 for 7α-OOH was 12.6 µM. Thus, the avidity of 7α-OOH for SCP-2 appeared to be ~1/4 that of SCPI-1 and 1/2 that of SCPI-3.
DISCUSSION
Oxidative stress-generated hydroperoxides, including H 2 O 2 arising from upstream reactions such as O 2 -· reduction/dismutation and LOOHs generated secondarily via attack of ROS such as 1 O 2 or H 2 O 2 -derived HO· on cell membrane lipids, are well known for their non-specific cytotoxic effects, although in low doses these species may also play a more subtle and selective role as redox signaling molecules (32) (33) (34) . Being relatively small and hydrophilic, H 2 O 2 may readily translocate from its site of origin/entry in a cell and, depending on access to detoxifying enzymes, this could be a crucial factor in its cytotoxic/signaling activity. These effects of H 2 O 2 have been widely studied, but little is known about its subcellular movement or distribution under stress conditions. This also applies to the more complex LOOHs. However, recent recognition that LOOH activity is not necessarily restricted to a membrane of origin in a cell, but may be "broadcasted" elsewhere by spontaneous or protein-mediated translocation by guest, on June 17, 2017 www.jlr.org Downloaded from (15) (16) (17) (18) , has opened up a new area of investigation in the oxidative stress field. The first studies to demonstrate that LOOH redox toxicity can be disseminated via intermembrane transfer were carried out in this laboratory using 7α-OOH and other ChOOH isomers (15, 17) . Using membrane donor-acceptor model systems, we found that the ChOOHs spontaneously translocated at different rates, but much faster than unoxidized Ch, consistent with more rapid departure due to greater hydrophilicity (17) . For example, 7α-OOH moved with a first-order rate constant that was ~200-times that of Ch (17) . Subsequent studies showed that ChOOH transfer could be further enhanced by naturally occurring or recombinant SCP-2, the first known evidence for LOOH translocation by a cellular lipid trafficking protein (18) . When isolated liver mitochondria were used as acceptors, transfer uptake of 7α-OOH from SUV donors was accelerated by recombinant SCP-2, resulting in a more rapid loss of membrane potential due to damaging free radical reactions induced by iron-catalyzed reduction of the hydroperoxide (18) . Similar results were reported recently for recombinant StarD4 (35), a sterol-specific transfer protein that delivers Ch to mitochondria of steroidogenic cells for the initial stages of steroid hormone biosynthesis (4, 5) .
Of greater relevance to the present study is earlier work (19) involving SCP-2-overexpressing rat hepatoma cells, which we now refer to as clone SC2H. We showed that these cells, expressing ~10-times more immunodetectable SCP-2 than vector controls, were substantially more sensitive to 7α-OOH lethality than the controls, but equally sensitive to H 2 O 2 -or t-butyl hydroperoxide lethality, consistent with the former being SCP-2-mediated. Moreover, [ larvicides, and had minimal toxicity toward mammalian cells (20) . We have shown that two of these compounds, SCPI-1 and SCPI-3 in sub-toxic concentrations, strongly inhibit 7α-OOH uptake by SCP-2-overexpressing SC2F cells while protecting them against lethal oxidative damage manifested by ∆Ψ m loss and apoptotic death. Importantly, SC2F cell killing by a non-lipid hydroperoxide, H 2 O 2 , was not affected by either of these inhibitors (Fig. 3C ), suggesting that SCP-2 was not involved in this case. In agreement,
there is no known evidence that SCP-2 can bind/translocate H 2 O 2 . However, if the latter gave rise to any ChOOH in our cellular system, e.g. via Fenton chemistry, this appeared to be inconsequential. The noninvolvement of SC2F cell SCP-2 in H 2 O 2 toxicity agrees with our earlier observation that H 2 O 2 was no more toxic to SC2H cells than to vector control or wild type counterparts (19) . SCPI-inhibitable 7α-OOH toxicity was demonstrated in two other high SCP-2-expressing cell types, transfectant clone SC2H and wild-type COH-BR1, which strengthens our argument that the transfer protein played a direct role in the lethal effects.
Further support for this argument was obtained by examining the ability of SCPIs or 7α-OOH to interfere with NBD-Ch binding by recombinant human SCP-2. Fluorometric measurements of this binding were modeled after those first carried out by Colles et al. (12) . Using these cell-free conditions, we showed that SCPI-1 and SCPI-3 both competed with NBD-Ch for binding, the latter ~50% less effectively than the former. These findings are qualitatively similar to those reported previously for interaction of these SCPIs with mosquito SCP-2 (20, 21) . In parallel experiments, we demonstrated that 7α-OOH also competed with NBD-Ch for SCP-2 binding, although more weakly than the SCPIs. The implication of these findings collectively is that 7α-OOH associates with SCP-2 in a manner similar to Ch and that SCPI-1 or SCPI-3 can block this. In accordance, 7α-OOH retains general structural features of Ch, with polar groups in the A/B-ring "head" region and the same hydrophobic "tail" region ( Fig. 1) .
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Based largely on these observations with isolated SCP-2, we assert that binding and transport by cellular SCP-2 played a key role in 7α-OOH cytotoxicity and that competitive binding by the SCPIs explains their protective effects (Figs 3 and 4) . It is important to point out that the SPCI results suggest that any nonspecific effects of SCP-2 overexpression such as changes in membrane lipid composition (36) appear to have been relatively unimportant as determinants of elevated 7α-OOH toxicity.
The SCPIs used in this study were discovered by Kim et al. (20) in terms of their ability to inhibit vital SCP-2-mediated Ch transport and metabolism in mosquitoes. Our finding that these SCPIs interfere with NBD-Ch and 7α-OOH biding by a mammalian SCP-2 suggests that the insect and mammalian proteins interact similarly with the SCPIs and with natural ligands like Ch. In support of this, recent studies have shown a remarkable degree of tertiary structural similarity between mammalian and insect SCP-2 despite only ~30% sequence identity (37, 38) . Although a high resolution structure for any Chbound SCP-2 is yet to be elucidated, it is likely that a large hydrophobic cavity known to exist in both the insect and mammalian proteins (8, 37, 38) will be occupied by the sterol, and similar binding is predicted for 7α-OOH.
In summary, we have shown that intracellular SCP-2, which normally translocates Ch for membrane homeostasis and other metabolic purposes, can also bind and transfer 7α-OOH, a free radicalgenerated hydroperoxide of Ch, and this puts cells at greater risk of lethal oxidative injury. These findings provide further support for the hypothesis that under oxidative stress conditions, inappropriate SCP-2 trafficking of 7α-OOH and other LOOHs, will greatly expand their damaging and signaling ranges, thus exacerbating the stress response. A plausible explanation for these effects is that toxic hydroperoxide turnover or induction of death signaling at subcellular delivery sites exceeds the capacity for detoxification at these sites (16) . We challenged cells with 7α-OOH from an exogenous source (SUVs), which could model transfer uptake occurring in the circulation, e.g. from peroxidized low density lipoprotein (39) . In mammalian cells under an endogenous oxidative challenge, the plasma membrane would serve as the richest transfer donor of 7α-OOH and other ChOOHs because most of the cellular Ch (>80%) typically resides in this compartment (40). We showed previously (18) that isolated recombinant SCP-2 can accelerate intermembrane transfer of phospholipid hydroperoxides in addition to ChOOHs, consistent with its known low selectivity for lipid ligands (7, 8) . Thus, we anticipate that cellular SCP-2 would also amplify phospholipid hydroperoxide cytotoxicity, but this remains to be investigated. Our recent studies have shown that another intracellular lipid transfer protein, StarD4, can also transport 7α-OOH as well as Ch (35) . In this case, however, absolute specificity for the sterol nucleus was demonstrated, phospholipid hydroperoxides (like parent phospholipids) not being recognized by the protein (35) . It remains to be determined whether intracellular transfer proteins with a known high specificity for phospholipids (9) will enhance oxidative toxicity and/or signaling by selectively trafficking phospholipid-derived hydroperoxides. 
